The field equations of f (R, G) gravity are rewritten in the form of obvious wave equations with the stress-energy pseudotensor of the matter fields and the gravitational field, as their sources, under the de Donder condition. The linearized field equations of f (R, G) gravity are the same as those of linearized f (R) gravity, and thus, their multipole expansions under the de Donder condition are also the same. It is also shown that the Gauss-Bonnet curvature scalar G does not contribute to the effective stress-energy tensor of gravitational waves in linearized f (R, G) gravity, though G plays an important role in the nonlinear effects in general. Further, by applying the 1/r expansion in the distance to the source to the linearized f (R, G) gravity, the energy, momentum, and angular momentum carried by gravitational waves in linearized f (R, G) gravity are provided, which shows that G, unlike the nonlinear term R 2 in the gravitational Lagrangian, does not contribute to them either.
• The field equations and the effective stress-energy tensor of GWs for linearized f (R) gravity are presented, and the latter is a typical second-order nonlinear quantity;
• The STF formalism is applied to the linearized f (R) gravity, and its explicit expression of multipole expansion is derived;
• The 1/r expansion in the distance to the source is applied to the linearized f (R) gravity, and its multipole expansion in the radiation field with irreducible Cartesian tensors is presented;
• As the further second-order nonlinear quantities, the energy, momentum, and angular momentum carried by GWs in linearized f (R) gravity are provided.
In this paper, we will follow the above process to discuss the multipole analysis for linearized f (R, G) gravity with irreducible Cartesian tensors. For f (R, G) gravity, similarly to f (R) gravity [24] , one has to introduce the gravitational field amplitude
and the effective gravitational field amplitudeh
where g µν denotes the contravariant metric, η µν represents an auxiliary Minkowskian metric, g is the determinant of metric g µν , and f R = ∂ R f . With the help of h µν andh µν , by using the same method in Refs. [24, 27] , the field equations of f (R, G) gravity can be rewritten in the form of obvious wave equations under the de Donder condition, and the source terms, composed of all the nonlinear terms under the post-Minkowskian method, are the stress-energy pseudotensor of the matter fields and the gravitational field. Ifh µν is a perturbation, the resulting field equations of linearized f (R, G) gravity are the same as those of linearized f (R) gravity [24] , as expected. Furthermore, under this condition, the effective stress-energy tensor of GWs in linearized f (R, G) gravity, as a typical second-order nonlinear quantity, is shown to be the same as that of linearized f (R) gravity, which implies that the GB scalar G does not contribute to the effective stress-energy tensor of GWs in linearized f (R, G) gravity, though G usually plays an important role in the nonlinear effects as mentioned before.
As the further second-order nonlinear quantities, the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity need to be discussed. Similarly to GR [21] and f (R) gravity [25] , the energy and the momentum can be derived directly by use of the effective stress-energy tensor of GWs, but the angular momentum cannot. So, a new way, not depending on the effective stress-energy tensor of GWs, need to be found to deal with the angular momentum. In this paper, by following Refs. [21, 25, 28] , the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity will be dealt with in a unified way.
This unified way requires that the multipole expansion of the linearized f (R, G) gravity is discussed firstly. By definitions (1.2) and (1.3), the true gravitational field amplitude h µν in f (R, G) gravity can be read out fromh µν . For the linearized f (R, G) gravity, the relation between h µν andh µν becomes linear and simple, namely,
where R (1) is the linear part of Ricci scalar R. This relation is the same as that in f (R) gravity. As mentioned above, the linearized f (R, G) gravity and the linearized f (R) gravity have the same field equations, so the multipole expansions ofh µν under the de Donder condition in these two gravitational models are also the same. Moreover, for these two models, R (1) satisfies the same Klein-Gordon (KG) equation with an external source and has the same multipole expansion. Therefore, Eq. (1.4) implies that these two gravitational models have the same multipole expansion, and in particular, they have the same multipole expansion in the radiation field.
With the help of the relevant STF technique, the 1/r expansion in the distance to the source can be applied to the linearized f (R, G) gravity. Based on this, the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity can be dealt with in the above unified way. Thus, we present the explicit expressions of the total power and rates of momentum and angular momentum carried by GWs in linearized f (R, G) gravity, and prove that the terms associated with GB curvature scalar G in the above three quantities are exactly cancelled each other after the average over a small spatial volume. In one sentence, the GB curvature scalar G does not contribute to the total power and rates of momentum and angular moment carried by GWs in linearized f (R, G) gravity.
This paper is organized as follows. In Sec. II, the notation, the relevant formulas of STF formalism, and the review of the metric f (R, G) gravity are described. In Sec. III, by using the same method in Refs. [24, 27] , we show that the field equations of f (R, G) gravity can be rewritten in the form of obvious wave equations with the stress-energy pseudotensor of the matter fields and the gravitational field, as the sources, under de Donder condition. Upon this, we derive the field equations and the effective stress-energy tensor of GWs for linearized f (R, G) gravity. In Sec. IV, we show that the linearized f (R, G) gravity and the linearized f (R) gravity have the same multipole expansion. Then, we present its expression, and derive the corresponding expression in the radiation field. Further, by using the 1/r expansion in the distance to the source. we evaluate the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity systematically. In Sec. V, we present the conclusions and make some discussions.
II. PRELIMINARY

A. Notation
The notation in this paper is the same as that in I and II [24, 25] . The international system of units is used throughout the paper. The signature of the metric g µν is (−, +, +, +). ǫ ijk is the three-dimensional Levi-Cività symbol with ǫ 123 = 1. The greek indices run from 0 to 3 and the latin indices run from 1 to 3, where repeated indices indicate to be summed. In the linearized gravitational theory, (x µ ) = (ct, x i ) behave as though they were Minkowskian coordinates. The spherical coordinate system (ct, r, θ, ϕ) is defined by
As in the flat space, x is used to denote the radial vector, and x i in Eq. (2.1) are its components. n = x/r = (n i ) denotes the unit radial vector, where r is the length of x, and n i = x i /r are the components of n. Obviously, by Eq. (2.1),
The symbol
is used to denote the Cartesian tensor with l indices [21] , and especially, the tensor products of l radial and unit radial vectors are abbreviated by
with
B. Relevant formulas in STF formalism
In this subsection, the relevant formulas in the STF formalism are listed [20-22, 24, 25] . The symmetric part and the STF part of a Cartesian tensor B I l are expressed by
7) 8) respectively, where σ runs over all permutations of (12 · · · l),
9)
10)
12)
13)
14) 15) where
is the (l − k)th derivative with respect to t. The integral formulas over a unit sphere are
16)
where l is the non-negative integer and dΩ is the element of the solid angle about the radial vector.
C. Review of the metric f (R, G) gravity
We restrict our attention to the metric f (R, G) gravity [18] , and its action is
where f is an arbitrary function of the Ricci scalar R and the GB curvature scalar G, κ = 8πG/c 4 , and S M (g µν , ψ) is the matter action. Varying this action with respect to the metric g µν gives the gravitational field equations and the corresponding trace equation
where
20)
with f G = ∂ G f , and T µν is the stress-energy tensor of matter fields. In the present paper, only the polynomial f (R, G) models, namely Eq. (1.1), is considered.
III. THE FIELD EQUATIONS AND STRESS-ENERGY PSEUDOTENSOR OF f (R, G) GRAVITY UNDER DE DONDER CONDITION
A. Obvious wave equation in f (R, G) gravity
By following GR [26, 27] and f (R) gravity [24] , we begin to rewrite the field equations of f (R, G) gravity in the form of obvious wave equations in a fictitious flat spacetime under the de Donder condition. Firstly, by Eq. (1.2), the gravitational field amplitude h µν is defined as
is the densitized inverse metric. It should be noted that h µν in Eq. (3.1) is not necessarily a perturbation. According to Ref. [27] ,
In terms of h µν , the Christoffel symbols read 5) and then, the Riemann tensor, Ricci tensor, and Ricci scalar read, respectively,
In order to apply the de Donder condition, we need to define the effective gravitational field amplitudeh µν by Eq. (1.3) , namely,h µν :=g µν − η µν , (3.9)
Obviously, besides the information of metric, it also contains the information of the function f R , which is, from (1.1),
For GR, the de Donder condition is the condition for the harmonic coordinates [26, 27] :
For f (R) gravity [24] , the de Donder condition in GR has been generalized to
where the definitions ofh µν andg µν are the same as Eqs. (3.9) and (3.10), respectively. In this paper, we also adopt the de Donder condition (3.13) for f (R, G) gravity. Now, we will express the Riemann tensor, the Ricci tensor, and the Ricci scalar in terms ofh µν with the help of the de Donder condition (3.13). By Eqs. (3.1), (3.2), (3.9), and (3.10), there is
14)
It immediately results in
With the help of the de Donder condition (3.13), the substitution of (3.14) and (3.15) in Eqs. (3.6), (3.7) and (3.8) gives rise to the expressions of R µνρσ , R µν and R in terms ofh µν :
Further, the GB curvature scalar is
where the omitted terms will produce the third-order or higher-order terms under the post-Minkowskian method. We begin to consider the field equations (2.19) for f (R, G) gravity. H µν in Eq. (2.20) can be split into three parts,
where 24) and then, by the expressions of f R , (3.11), Eq. (3.21) reads
where G µν is the Einstein tensor, and the omitted terms will produce the third-order or higher-order terms under the post-Minkowskian method. By Eqs. (3.17) and (3.18), the expression of G µν in terms ofh µν can be obtained [24] ,
For scalar f R ,
where the expression of Γ λµν is in Eq. (3.3), and
µν . By use of (3.1), (3.2), (3.4), (3.13), (3.14), and (3.15), Eq. (3.3) can be expressed as
For scalar f G , similarly to f R , there are 32) where similarly to Eq. (3.25), the omitted terms will also produce the third-order or higher-order terms under the post-Minkowskian method. 
where 
is the stress-energy pseudotensor of the matter fields and the gravitational field. Obviously, Eqs. (3.13) and (3.38) imply the conservation of the stress-energy pseudotensor in f (R, G) gravity, namely,
Ifh µν is a perturbation, namely, by (3.38) and (3.39). Eq. (3.42) is the basis of multipole expansion of linearized f (R, G) gravity with irreducible Cartesian tensors. It is easy to check that the field equations (3.42) of linearized f (R, G) gravity are the same as those in linearized f (R) gravity [24] . This is a trivial result because the leading term of G in the Lagrangian (1.1) gives a topological invariant, and its next leading term only relates to the higher-order effects. Above field equations (3.42) are the linear results, but the effective stress-energy tensor of GWs for the linearized f (R, G) gravity is the second-order nonlinear quantity, so in order to obtain its expression, we need some formulas to derive the quadratic terms of the stress-energy pseudotensor of the gravitational field. Firstly, by Eqs. (3.9) and (3.37), we haveg
Next, by Eq. (3.11),
where o(h µν ) is the higher-order terms ofh µν , and then inserting f R into Eq. (3.14) gives rise to
where h = η µν h µν andh = η µνh µν . Eqs. (3.45) and (3.46) show that h µν and h are also perturbations, and thus, with the help of Eqs. (3.1) and (3.2), 
is the corresponding term in f (R) gravity, and
is the quadratic term of Λ 
54)
under the de Donder condition, and they satisfy
which can also be derived by the Bianchi identity, in fact. Furthermore, Eqs. (2.19) and (3.33) lead to
56)
so outside the sources, there are
by Eqs. (3.55) and (3.54), respectively. Moreover, Eqs. (3.55) and (3.57) imply 
Next, we will take the average · · · over a small spatial volume (several wavelengths) surrounding each point, and the relevant rules for the average are [29] ∂ µ X = 0, (3.64) 
That is, after the average over a small spatial volume, the terms associated with the coupling constant a 12 in Eq. (3.62) are cancelled each other, and the dependence on a 12 vanishes. It gives the effective stress-energy tensor of GWs in linearized f (R, G) gravity:
is the effective stress-energy tensor of GWs under the de Donder condition in linearized GR with the replacement of the variables h αβ byh αβ [30] . It should be noted that the above result only depends on the coupling constant a 11 in the Lagrangian (1.1), and has nothing to do with the GB curvature scalar G. In other words, the effective stress-energy tensor of GWs in linearized f (R, G) gravity is the same as that in linearized f (R) gravity [24, 29] . As mentioned before, for f (R, G) gravity, the GB curvature scalar G plays an important role in the nonlinear effects in general. However, although the effective stress-energy tensor of GWs in f (R, G) gravity is the typical second-order nonlinear quantity, the above result shows that G does not contribute to it.
IV. ENERGY, MOMENTUM, AND ANGULAR MOMENTUM CARRIED BY GWS IN LINEARIZED f (R, G) GRAVITY A. Multipole expansion of linearized f (R, G) gravity
As the further second-order nonlinear quantities, the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity need to be discussed. For GR [21] and f (R) gravity [25] , the fluxes of the energy and the momentum can be evaluated by using the above effective stress-energy tensor of GWs, but the flux of the angular momentum cannot [21] . This problem also exists in the f (R, G) gravity. Therefore, a way, not depending on the effective stress-energy tensor of GWs, to deal with the angular momentum is needed. In this section, by following Refs. [21, 25, 28] , we will calculate the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity in a unified way. This unified way requires that the multipole expansion of the linearized f (R, G) gravity is discussed firstly.
Eq. (3.45) shows that we should deal with the multipole expansions of tensor parth µν and of the scalar part associated with R (1) , respectively. As mentioned in the preceding section, the linearized field equations (3.42) of linearized f (R, G) gravity are the same as those in linearized f (R) gravity [24] . So, under the same gauge condition, namely the de Donder condition (3.13), the multipole expansions ofh µν in these two gravitational models are also the same, and their expression is [25] 
are referred to as the mass-type and current-type source multipole moments, respectively [26] ; the symbol (i|t|j) represents that t is not the symmetric indices, the symbol < i 1 |a|i 2 · · · i l > and < i 1 |ac|i 2 · · · i l > represent that a and ac are not STF indices, respectively; and [20]
The Eq. (4.1) can be simplified by adopting the further gauge. Under an infinitesimal coordinate transformation,
Moreover, R (1) is an invariant under the coordinate transformation, so from Eq. (3.45), 5) which shows that the transverse and traceless (TT) gauge can be applied to the effective gravitational field amplitudẽ h µν like that in GR [31] . Therefore, Eq. (4.1) can be written as
(4.6) under the TT gauge, where the symbol T T represents the TT projection operator which is defined as
where X ij is an arbitrary symmetric spatial tensor, and
According to Refs. [30, 32] , t µν GR (h αβ ) in Eq. (3.68) can also be simplified by imposing the TT gauge outside the source, namely, linearized f (R, G) gravity satisfies the massive KG equation (3.60) with an external source, which is the same as that in linearized f (R) gravity [24] , so in these two gravitational models, R (1) has the same multipole expansion. Thus, the multipole expansion of R (1) under the condition r ′ /r ≪ 1 is [25] ,
where r = |x|, r ′ = |x ′ |,
(4.14)
Upon obtaining Eqs. 
which is the same as that in the linearized f (R) gravity [24] , as expected.
As to the multipole expansion of h µν in the radiation field, we still need to deal with the tensor parth µν and the scalar part associated with R (1) , separately. By Eq. (2.15), we havê 16) where O(1/r 2 ) contains the terms whose orders are equal to or higher than 1/r 2 . The 1/r expansion in the distance to the source requires formula (4.16) to be applied to Eqs. (4.6) and (4.10), and then the multipole expansions ofh µν and R (1) are obtained, respectively,
is the effective l-pole radiative moment of R (1) . Eqs. (4.17) and (4.18), of course, are the same as those in the linearized f (R) gravity, respectively [25] .
According to the above conclusions, Eq. (3.45) implies that h µν in linearized f (R, G) gravity and in linearized f (R) gravity have the same multipole expansion under the TT gauge in the radiation field, and it is [25] For f (R, G) gravity, the energy, momentum, and angular momentum carried by the gravitational field inside a volume V enclosed by a large sphere S are 23) respectively, and then, by Eq. (3.40) and the Gauss theorem, there are
where n i is also the unit normal vector of the large sphere S, and dΩ is the element of solid angle whose integral domain is 4π. Thus, for the linearized f (R, G) gravity, the fluxes of energy, momentum, and angular momentum carried by the outward-propagating GW should be [21, 28] 
respectively, where
is the quadratic term of the stress-energy pseudotensor under the TT gauge in the radiation field. Next, the leading terms of the fluxes of energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity are expressed by
, (4.30)
, (4.31) 
In the following, the fluxes of the energy, momentum, and the angular momentum are used to denote their leading terms (4.30)-(4.32), respectively. Moreover, we also need to prove
Because if it does not hold, Eq. (4.32) shows that the flux of angular momentum carried by the outward-propagating GW will diverge, and this is impossible. By Eqs. (3.62), (3.63), and (3.52), (τ i0 rad ) (2) and (τ ij rad ) (2) under the TT gauge are, respectively,
, (4.41)
.
(4.42)
By using of Eqs. (2.13), (3.64), (3.65), (4.17), and (4.18),
, (4.43)
. 
, (4.46)
(2) f (R) [2] .
(4.47)
Inserting them into Eqs. (4.30) and (4.31), respectively, gives rise to
are the fluxes of energy and momentum carried by the outward-propagating GW in linearized f (R) gravity, respectively, and thus, according to the Ref. II [25] ,
, (4.50)
. (4.51)
The calculation of the average part in Eq. (4.36) is similar to the above process. 
where ∆ = ∂ i ∂ i , Eq. (2.13) has been used in the second step, and Eqs. (3.58) and ǫ abc ∂ b ∂ c = 0 have been used in the third step. Equations (2.13) and (4.18) bring about
, (4.55)
, (4.56)
and then, there are
= 0, (4.58)
= 0, (4.59)
where ǫ abc n b n c = 0 have been used, so by Eq. (4.54), the average part of the third term in Eq. (4.53) is
where Eq. (3.56) in the radiation field has been used in the above derivations, andh T T ii = 0 and ǫ abch T T bc = 0 have been used in the derivations of Eqs. (4.64) and (4.65), respectively. Therefore, Eq. (4.53) reduces to
(2) f (R) [3] .
(4.66)
Inserting it into Eq. (4.32) gives rise to
where dJa dΩdt
is the flux of angular momentum carried by the outward-propagating GW in linearized f (R) gravity, and thus, according to the Ref. II [25] ,
. (4.68)
The coupling constant a 12 in the Lagrangian (1.1) appears in the expressions of (τ i0 rad ) (2) and (τ ij rad ) (2) , which shows that the fluxes of the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity depend on the GB curvature scalar G. However, the above derivations of Eqs. (4.48), (4.49), and (4.67) show that, similarly to that of the effective stress-energy tensor of GWs, the terms associated with the coupling constant a 12 in the fluxes of the energy, momentum, and angular momentum are cancelled each other after the average over a small spatial volume, and the dependence on a 12 also vanishes. Therefore, the fluxes of the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity are the same as those in linearized f (R) gravity. Moreover, the fluxes of energy and momentum carried by GW in linearized f (R, G) gravity could also be directly expressed in terms of the effective stress-energy tensor t µν , namely,
Eq. (3.67) shows that the effective stress-energy tensor of GWs in linearized f (R, G) gravity is the same as that in linearized f (R) gravity, so there are Integrating the fluxes of the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity over a sphere can give rise to the total power and rates of momentum and angular momentum, respectively, and then, according to the Ref. II [25] again, they are dE dt
are the corresponding results in GR with the replacement of the variables h T T pq byh T T pq . Obviously, these expressions include two parts, which are associated with the tensor parth µν and the scalar part R (1) in the multipole expansion of linearized f (R, G) gravity, respectively. The former are the GR-like part, and the latter, contributed by the R 2 term in the Lagrangian (1.1), are the corrections to the results in GR, which implies that the GB curvature scalar G does not contribute to the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity.
V. CONCLUSIONS AND DISCUSSIONS
In this paper, similarly to GR [21, 26] and f (R) gravity [24] , the field equations of f (R, G) gravity have been rewritten in the form of obvious wave equations in a fictitious flat spacetime under the de Donder condition, even though the effective gravitational field amplitudeh µν is not a perturbation. The corresponding source term of this wave equation, composed of all the nonlinear terms under the post-Minkowskian method, is obtained, and it is the stress-energy pseudotensor of the matter fields and the gravitational field. For the linearized f (R, G) gravity, the corresponding field equations, as the linear results, are the same as those of the linearized f (R) gravity, as is expected. Under the post-Minkowskian method, the coupling constant a 12 in the Lagrangian (1.1) appears in the second-order field equations of f (R, G) gravity, which implies that the GB curvature scalar G usually plays an important role in the nonlinear effects. Thus, as a typical second-order nonlinear quantity, the effective stress-energy tensor of GWs in linearized f (R, G) gravity should include the contribution from G. However, it is shown that G has nothing to do with the effective stress-energy tensor of GWs in linearized f (R, G) gravity, and the effective stress-energy tensor of GWs in linearized f (R, G) gravity is the same as that in linearized f (R) gravity.
Besides the effective stress-energy tensor of GWs, the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity, as the further second-order nonlinear quantities, need to be discussed. As in GR [21] and f (R) gravity [25] , the above effective stress-energy tensor of GWs can be used to evaluate the fluxes of the energy and the momentum but not to evaluate the flux of the angular momentum [21] . Therefore, we need to find a new way, not depending on the effective stress-energy tensor of GWs, to deal with the angular momentum. According to the Refs. [21, 25, 28] , we can deal with the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity in a unified way. What this way requires is the stress-energy pseudotensor of f (R, G) gravity in the radiation field, instead of the effective stress-energy tensor of GWs. By the above unified way, the multipole expansion of the linearized f (R, G) gravity need to be discussed firstly. The definitions of the gravitational field amplitude h µν and the effective gravitational field amplitudeh µν show that they satisfy the same relation, and especially, the linearized one (1.4) as that in f (R) gravity. Further, for the linearized f (R, G) gravity and the linearized f (R) gravity,h µν and R (1) satisfy the same field equations, respectively, and therefore, these two gravitational models have the same multipole expansion, and in particular, they have the same multipole expansion in the radiation field.
With the help of the relevant STF technique, the 1/r expansion in the distance to the source can be applied to the linearized f (R, G) gravity. Based on this, the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity can be dealt with. In the expressions of the fluxes of the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity, the existence of the coupling constant a 12 in the Lagrangian (1.1) implies the GB curvature scalar G should play an important role. However, because of the average over a small spatial volume, the terms associated with the coupling constant a 12 in these expressions are cancelled each other, and the dependence on a 12 vanishes. Therefore, G does not contribute to the energy, momentum, and angular momentum carried by GWs in linearized f (R, G) gravity, which implies that these fluxes are the same as those in linearized f (R) gravity. Thus, by integrating these fluxes over a sphere, we present the general expressions of the total power and rates of momentum and angular momentum in the GWs for linearized f (R, G) gravity. Same as those in f (R) gravity, these expressions include the GR-like parts and the corrections, contributed by the R 2 term in the Lagrangian (1.1), to the corresponding results in GR.
As mentioned above, in terms of the energy, momentum, and angular momentum carried by GWs, the linearized f (R, G) gravity behave as the linearized f (R) gravity, but for f (R, G) gravity, where is the contribution of the GB curvature scalar G? One obvious answer is that G perhaps plays an important role in the higher-order nonlinear effects. The similar situation also appears for the f (R, G) gravity under the weak-field and slow-motion method [18] . Under this case, the GB curvature G has nothing to do with the effects at (v/c) 2 and (v/c) 3 orders, and only contributes to the effects at (v/c) 4 order or the higher-order, where v/c is the perturbation parameter of the weak-field and slow-motion method. In the present gravitational Lagrangian (1.1), the GB curvature scalar G works only by the term a 12 RG, so f (R, G) in Eq. (1.1) is equivalent to f (R) + a 12 RG. Further, f (R) gravity in the metric formalism can be cast in the form of Brans-Dicke (BD) theory with a potential for the effective scalar-field degree of freedom (scalaron) [33] , and thus, the theory with Lagrangian f (R) + a 12 RG can be cast as a large class of GB gravity whose Lagrangian is equivalent to above BD theory coupled by the GB curvature scalar G. Therefore, the conclusion in this paper also holds for such GB gravity.
